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[57] ABSTRACT 
A vinyl chloride polymer resin composition having 
excellent processability and ?owability is comprised of 
(A) 100 weight parts of a vinyl chloride polymer com 
position comprising 5 to 100 weight % of a vinyl chlo 
ride polymer having an average polymerization degree 
of 300 to 700 and 95 to 0 weight % of a vinyl chloride 
polymer having an average molecular weight higher 
than 700, and (B) 0.1 to 30 weight parts of a methyl 
methacrylate polymer comprised of at least 40 weight 
% of methyl methacrylate and having a reduced viscos 
ity (nsp/C) of 0.1 to 2 l/g. 

6 Claims, No Drawings 
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VINYL CHLORIDE POLYMER RESIN 
COMPOSITION 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates to a vinyl chloride poly 

mer resin composition having excellent processability 
and ?owability, which comprises a vinyl chloride poly 
mer having a low degree of polymerization. 

(2) Description of the Related Art 
A vinyl chloride polymer resin has excellent chemi 

cal and physical properties but, as is well known, this 
resin has poor heat stability, impact resistance and pro 
cessability. Various methods have been proposed for 
overcoming these defects. More speci?cally, various 
heat stabilizers have been developed for improving the 
heat stability and various impact modi?ers have been 
developed for improving the impact resistance. These 
additives have been used by incorporation into vinyl 
chloride polymer resins. As an agent for improving the 
processability, there has been proposed a high-molecu 
lar weight acrylic polymer processing aid. Namely, the 
incorporation of a small amount of this processing aid in 
a vinyl chloride polymer resin can improve the process 
ability of the vinyl chloride polymer resin, for such 
processes as calendering, vacuum forming or injection 
molding (refer to Japanese Examined Patent Publica 
tion No. 40-5311). 
Where a vinyl chloride polymer resin composition is 

prepared by incorporating this high-molecular weight 
acrylic polymer processing aid into a commercially 
available vinyl chloride polymer resin having a high 
degree of polymerization, the melt viscosity is drasti 
cally increased, even though the amount of the process 
ing aid added is small, and the kneading lead in a mold 
ing machine is extremely increased. Moreover, since the 
resin molding temperature must be elevated, the resin is 
thermally degraded and it is dif?cult to continue the 
processing for a long time. The above problem becomes 
prominent, especially when the processing temperature 
is high and the processing is performed at a high speed. 
As means for overcoming this disadvantage, there may 
be considered a method for improving the ?owability 
by adding a liquid substance such as a plasticizer, but 
here reduction of the physical properties and process 
ability cannot be avoided. 

Also in the ?eld of vinyl chloride polymer resins 
having a low degree of polymerization, development of 
a product having a good processability is desired but a 
satisfactory product has not been developed. 

SUMMARY OF THE INVENTION 

Under this background, we carried out research with 
a view to developing a vinyl chloride polymer resin 
having a low degree of polymerization excellent in 
processability and ?owability. As a result, it has been 
found that if a methyl methacrylate polymer having a 
speci?c reduced viscosity ('nsp/ C) is incorporated into a 
vinyl chloride polymer having a speci?c degree of poly 
merization, a good ?owability can be given to the re 
sulting resin composition and various processability 
characteristics for such processes as calendering, blow 
molding, vacuum forming injection molding and low 
expansion molding can be improved while retaining the 
inherent good chemical and physical properties of the 
vinyl chloride polymer, and further, that even if a vinyl 
chloride polymer having a high degree of polymeriza 
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tion is incorporated in an amount below a speci?c level 
into this polymer resin composition, a good vinyl chlo 
ride polymer resin compsition can also be obtained. 

It is a primary object of the present invention to pro 
vide a vinyl chloride polymer resin composition having 
an excellent processability and ?owability, comprising a 
vinyl chloride polymer having a low degree of poly 
merization. 

In accordance with the present invention, there is 
provided a vinyl chloride polymer resin composition 

5 having an excellent processability and ?owability, 

15 

25 

35 

40 

45 

50 

55 

65 

which comprises (A) 100 parts by weight of a vinyl 
chloride polymer composition comprising 5 to 100% by 
weight of a vinyl chloride polymer comprised of at least 
80% by weight of vinyl chloride units and having an 
average polymerization degree of 300 to 700 and 95 to 
0% by weight of a vinyl chloride polymer comprised of 
at least 80% by weight of vinyl chloride units and hav 
ing an average polymerization degree higher than 700, 
and (B) 0.1 to 30 parts by weight of a methyl methacry 
late polymer comprised of at least 40% by weight of 
methyl methacrylate units and having a reduced viscos 
ity ('nsp/C) of 0.1 to 2 l/g as measured at 25° C. with 
respect to a solution of 0.1 g of the polymer dissolved in 
100 ml of chloroform. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The vinyl chloride polymers used in the present in 
vention have a vinyl chloride unit content of at least 
80% by weight, and include a homopolymer of vinyl 
chloride, a copolymer of vinyl chloride with other vinyl 
monomer copolymerizable therewith and a mixture 
thereof. The vinyl chloride polymer composition com 
prises 5 to 100% by weight of a vinyl chloride polymer 
having an average polymerization degree of 300 to 700 
and 95 to 0% by weight of a vinyl chloride polymer 
having an average polymerization degree higher than 
700. 

In accordance with one preferred embodiment of the 
present invention, the vinyl chloride polymer composi 
tion consists of a homopolymer of vinyl chloride having 
an average polymerization degree of 400 to 500, or 
consists of 80 to 20% by weight of a homoplymer of 
vinyl chloride having an average polymerization degree 
of 400 to 500 and 20 to 80% by weight of a homopoly 
mer of vinyl chloride having an average polymerization 
degree of 800 to 1000. 
The vinyl monomer copolymerizable with vinyl 

chloride may be copolymerized in an amount of up to 
20% by weight. Speci?c examples of the vinyl mono 
mer are ethylene, propylene, vinyl acetate and alkylvi 
nyl ethers. 

In the present invention, if the amount of the vinyl 
monomer copolymerizable with vinyl chloride exceeds 
20% by weight or a vinyl chloride polymer having an 
average polymerization degree lower than 300 is used, 
the inherent physical properties of the vinyl chloride 
polymer are lowered. 
Any vinyl chloride polymers prepared by emulsion 

polymerization, suspension polymerization or bulk pol 
ymerization may be used in the present invention. 
The numerical relationship among the average poly 

merization degree, Fikentscher K-value and average 
molecular weight of vinyl chloride polymers is as 
shown in Table 1, below. 
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TABLE 1 TABLE 2-continued 

Average polymeriza- Viscosity average 
tion degree of vinyl Fikentscher Average molecular 'qsp/C molecular weight 
chloride polymer K-value weight 5 20 2,920,000 

300 46 18,800 2.2 3,130,000 
400 49 25,000 
500 52 31,300 ' _ _ I 

700 58 43,800 The viscosity average molecular weight is calculated 
800 60 501000 according to the following Schulz formula: 

1,000 65 62,500 10 

The methyl methacrylate polymer used in the present 
invention should have a methyl methacrylate unit con 
tent of at least 40% by weight, and it includes a homo 
polymer of methyl methacrylate, a copolymer of 15 
methyl methacrylate with other vinyl monomer copoly 
merizable therewith and a mixture thereof. 
The vinyl monomer copolymerizable with methyl 

methacrylate may be copolymerized in an amount of up 
to 60% by weight. Speci?c examples of the vinyl mono 
mer are alkyl acrylates such as methyl acrylate, ethyl 
acrylate, butyl acrylate and Z-ethylhexyl acrylate, alkyl 
methacrylates such as ethyl methacrylate and butyl 
methacrylate, aromatic vinyl compounds such as sty 
rene, a-methylstyrene and vinyltoluene, and vinyl 
cyano compounds such as acrylonitrile and methacrylo 
nitrile. These vinyl monomers may be used alone or in 
the form of a mixture of two or more thereof. If the 
amount of the monomer copolymerized with methyl 
methacrylate exceeds 60% by weight, the compatibility 
of the resulting copolymer with the vinyl chloride poly 
mer composition used in the present invention is readily 
lowered and the physical properties and processability 
of the resulting vinyl chloride polymer resin composi 
tion are reduced. 

Preferably, the methyl methacrylate polymer used in 
the present invention is a copolymer comprising 95 to 
70% by weight of methyl methacrylate and 5 to 30% by 
weight of ethyl acrylate or butyl acrylate. 

In the present invention, the methyl methacrylate 
polymer should have a reduced viscosity (iqsp/ C) of 0.1 
to 2 l/ g, preferably, 0.3 to 0.4 l/g, as measured at 25° C. 
with respect to a solution of 0.1 g of the polymer in 100 
ml of chloroform. If the reduced viscosity ('nsp/C) is 
lower than 0.1 l/ g, it is dif?cult to attain the intended 
improvement of the processability. If the reduced vis 
cosity exceeds 2 l/g, the melt viscosity of the resin 
composition formed by incorporating the methyl meth 
acrylate polymer into the vinyl chloride polymer com 
position is too high and it is dif?cult to attain the good 
?owability intended in the present invention. 
Any methyl methacrylate polymers prepared by 

emulsion polymerization, suspension polymerization 
and bulk polymerization may be used in the present 
invention. 
The numerical relation between the reduced viscosity 

(nsp/C) and viscosity average molecular weight of the 
methyl methacrylate polymers used in the present in 
vention is as shown in Table 2. 

TABLE 2 
Viscosity average 

“asp/C molecular weight 

0.05 85,000 
0.1 200,000 
0.25 476,000 
0.3 568,000 
0.4 730,000 
1.0 1,680,000 
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1n! - 0.0095 

0.47 x 10~6 
Viscosity average molecular weight = 

In the above formula, the intrinsic viscosity [1)] is 
calculated according to the following formula: 

[1 2'5 
asp/6+ 1 = (1 

The vinyl chloride polymer resin composition of the 
present invention is formed by incorporating 0.1 to 30 
parts by weight, preferably 1 to 10 parts by weight of 
the methyl methacrylate type polymer having a re 
duced viscosity ('qsp/C) included within the above 
mentioned range into 100 parts by weight of the above 
mentioned vinyl chloride polymer composition. If the 
amount of the methyl methacrylate polymer is smaller 
than 0.1 part by weight, it is dif?cult to obtain a suffi 
cient high-temperature elongation when vacuum form 
ing the resulting resin composition and it is also dif?cult 
to obtain a molded article having an excellent cell uni 
formity and appearance when low-expansion molding is 
carried out. Thus, the intended effect of improving the 
processability would not be attained. If the amount of 
the methyl methacrylate polymer exceeds 30 parts by 
weight, increase of the melt viscosity of the resin com 
position is extreme and it becomes dif?cult to obtain the 
intended effect of improving the ?owability. 

If desired, in addition to additives such as a heat stabi 
lizer, a light stabilizer, a lubricant and a ?ller, an impact 
modi?er and a heat distortion temperature improver 
such as a chlorinated vinyl chloride polymer resin also 
may be added to the vinyl chloride polymer resin com 
position of the present invention according to need. 
The present invention will now be described in detail 

with reference to the following examples that by no 
means limit the scope of the invention. In the examples 
and comparative examples, all of “parts” and “%” are 
by weight. 

EXAMPLES 1 THROUGH 4 AND 
COMPARATIVE EXAMPLES 1 THROUGH 3 

A reaction vessel equipped with a stirrer was charged 
with 250 parts of distilled water, 1 part of potassium 
oleate, 0.5 part of potassium persulfate and the amounts 
shown in Table 3 of monomers constituting a methyl 
methacrylate polymer and tert=dodecylmercaptan Pol 
ymerization was carried out at 60° C. for 5 hours. The 
latex obtained by the reaction was coagulated, washed 
and then dried to obtain a methyl methacrylate polymer 
having a reduced viscosity asvshown in Table 3. 
The obtained methyl methacrylate polymer was 

added in an amount shown in Table 3 to a vinyl chloride 
polymer resin shown in Table 3. Furthermore, 3 parts of 
tribasic lead sulfate, 1 part of tribasic lead stearate, 1.5 
parts of lead stearate and 1 part of calcium stearate were 
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added to the polymer resin mixture. The resin composi 
tion was molded into a square plate specimen, having a 
size of 10 cm>< 10 cm><3 mm (thickness), by a 5-ounce 
injection molding machine. The flowability and injec 
tion moldability of the specimen were evaluated. The 5 
obtained results are shown in Table 3. 
The flowability was evaluated based on the minimum 

injection pressure (short shot pressure) under which the 
mold was just ?lled with the resin. 

6 
were used in the amounts shown in Table 2, whereby a 
methyl methacrylate polymer having a reduced viscos 
ity shown in Table 4 was obtained. 
The obtained methyl methacrylate polymer was 

added in an amount shown in Table 4 to a vinyl chloride 
polymer resin having a degree of polymerization shown 
in Table 4. In addition, 10 parts of Metablen C-20l 
(registered trademark of a product supplied by Mit 
subishi Rayon K.K.) as an impact modi?er, 2 parts of 

The injection moldability was evaluated based on the 10 dibutyltin mercaptide, 0.5 part of butyl stearate and 0.5 
degree of a meandering pattern, that is, so-called jetting, part of montanic acid wax were added to the mixture. 
generated from the gate under an injection pressure The resulting composition was extruded into a sheet 
corresponding to the short shot pressure plus 2 kg/cmz. having a thickness of 3 mm by an extruder having a 

screw diameter of 40 mm. The ?owability and vacuum 

TABLE 3 
Compar- Compar- Compar 

Exam- Exam- Exam- Exam- ative ative ative 
ple 1 ple 2 ple 3 ple 4 Example 1 Example 2 Example 3 

Polyvinyl Polymerization degree of 400 20 — 40 50 20 — 20 
chloride Polymerization degree of 500 — 30 - -- - —- — 

(parts) Polymerization degree of 1000 80 70 60 50 80 I00 80 
Methyl Monomer Methyl methacrylate (parts) 90 95 8O 90 90 95 90 
methacrylate composition Ethyl acrylate (parts) 10 — — — l0 — — 

polymer Butyl metharcylate (parts) — 5 20 — — 5 l0 
Styrene (parts) — — — l0 — — — 

Tert-decylmercaptan (parts) 0.01 0.01 0.005 0.02 0.003 0.01 1 
Evaluation Reduced viscosity (nsp/C) 0.4 0.4 l 0.25 2.2 0.4 0.05 

Amount incorporated (parts) 2 l l 3 3 3 3 
Short shot pressure (kg/cmz) 62 60 55 58 88 98 53 
Jetting @ @ © © 6) X X 

Note 
@'. . . Good 

x . . . Bad 

As is apparent from the results shown in Table 3, 
resin compositions falling within the scope of the pres 
ent invention exhibit excellent ?owability ‘and injection 
moldability. In contrast, in the resin composition of 
Comparative Example 1, since the reduced viscosity of 
the methyl methacrylate polymer is too high, the short 

forming processability of the sheet were evaluated. 
The flowability was evaluated based on the load on a 

motor of the extruder having a screw diameter of 40 
mm. The vacuum forming processability was evaluated 
based on the elongation at break of the extruded sheet at 
100° C. 

TABLE 4 
Compar- Compar- Compar 

ative ative ative 
Exam- Exam- Exam- Exam- Exam- Exam- Exam- Exam 
ple 5 ple 6 ple 7 ple 8 ple 9 ple 4 ple 5 ple 6 

Vinyl Polymerization degree of 400 100 20 — 50 — — 20 80 
chloride Polymerization degree of 500 ——- — 30 — 40 — — — 

resin Polymerization degree of 800 — 80 70 50 60 100 80 20 
(parts) 
Methyl Monomer Methyl methacrylate (parts) 90 85 95 90 85 90 90 85 
metha- composition Ethyl methacrylate (parts) l0 l5 — — — l0 l0 l5 
crylate Butyl acrylate (parts) -— — 5 l0 l5 — — — 

polymer Tert-dodecylmercaptan (parts) 0.0] 0.01 0.01 0.02 0.03 0.01 l 0.02 
Evaluation Reduced viscosity ('rjsp/C) 0.4 0.35 0.4 0.25 0.15 0.4 0.05 0.2 

Amount incorporated (parts) 5 7 5 6 8 5 15 35 
Motor load of40 mm? extruder (A) 6.5 7.3 7.5 6.7 7.5 21.5 8.7 16.8 
Elongation at break (%) 730 820 700 750 650 700 250 650 

shot pressure must be high and continuous molding is 55 
difficult. Furthermore, in the composition of Compara 
tive Example 2, the short shot pressure is high because 
a vinyl chloride polymer resin having an average poly 
merization degree of 1000 is used alone, and thus unde 
sirable jetting is caused. In Comparative Example 3, 
undesirable jetting is caused because the reduced vis 
cosity of the methyl methacrylate polymer is too low. 

EXAMPLES 5 THROUGH 9 AND 
COMPARATIVE EXAMPLES 4 THROUGH 6 

Polymerization was carried out according to the 
same recipe as in Examples 1 through 4 except that 
monomers constituting a methyl methacrylate polymer 

65 

As is apparent from the results shown in Table 4, for 
compositions falling within the scope of the present 
invention, the motor load is small at the extruding step 
and the flowability is excellent. In view of the elonga 

60 tion at break, these resin compositions have a good 
vacuum forming processability. In contrast, in Compar 
ative Example 4, since the average polymerization de 
gree of the vinyl chloride polymer resin is high, even if 
the methyl methacrylate polymer falling within the 
scope of the present invention is incorporated into this 
vinyl chloride polymer resin, the motor load is exces 
sively large at the extruding step. In Comparative Ex 
ample 5, since the reduced viscosity of the methyl meth 
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acrylate polymer is too low, a good vacuum forming 
processability cannot be attained. In Comparative Ex 
ample 6, since the amount of the methyl methacrylate 
polymer incorporated is too large, the motor load of the 
extruder is extremely large. 

EXAMPLES 10 THROUGH 13 AND 
COMPARATIVE EXAMPLES 7 AND 8 

Polymerization was carried out according to the 
same recipe as in Examples 1 through 4 except that the 
kinds and amounts of the monomers constituting the 
methyl methacrylate polymer were changed as shown 
in Table 5, whereby a methyl methacrylate polymer 
having a reduced viscosity as shown in Table 5 was 
obtained. 
The obtained methyl methacrylate polymer was in 

corporated into a vinyl chloride polymer resin having a 
polymerization degree shown in Table 3, 10 parts of 
Metablen C-20l (registered trademark of a product 
supplied by Mitsubishi Rayon K.K.), 2 parts of dibutyl 
tin mercaptide, 0.5 part of butyl stearate and 0.5 part of 
montanic acid wax were added to the mixture. The 
resulting resin composition was treated by 8-inch test 
rolls, whereby the adaptability to the production of a 
thick ?lm by calendering was evaluated. 

In order to prepare a thick ?lm, it is ordinarily neces 
sary to broaden the space between rolls, and therefore, 
rotation of the roll bank becomes insufficient and ?ow 
marks become conspicuous. Moreover, since the pres 
sure between rolls is reduced, removal of air becomes 
insuf?cient and air bubbles are readily included in the 
resulting sheet. 
At the present test, the roll distance was maintained 

at 0.8 mm while the temperature was maintained at 190° 
C, and the rotation numbers of the front and back rolls 
were adjusted to 14 rotations per minute and 16 rota 
tions per minute, respectively. The state of the roll bank 
and the state of formation of air bubbles in the obtained 
sheet were examined. The obtained results are shown in 
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8 
present invention can be used for the production of 
?lms, sheets and plates by the process including vacuum 
forming, the production of large-size injection molded 
articles for which a high ?owability is required, or for 
the production of low-expanded thick extrudates by 
calendering. 

I claim: 
1. A vinyl chloride polymer resin composition having 

excellent processability and ?owability, which com 
prises (a) 100 parts by weight of a vinyl chloride poly 
mer composition selected from the group consisting of 
a homopolymer of vinyl chloride having an average 
polymerization degree of 400 to 500, and a polymer 
mixture consisting of 80 to 20% by weight of a homo 
polymer of vinyl chloride having an average polymeri 
zation degree of 400 to 500 and 20 to 80% by weight of 
a homopolymer of vinyl chloride having an average 
polymerization degree of 800 to 1000, and (b) 0.1 to 30 
parts by weight of a methyl methacrylate polymer, 
exclusive of the graft-type methacrylate polymers, com 
prised of at least 40% by weight of methyl methacrylate 
units and having a reduced viscosity (nsp/C) of 0.1 to 2 
l/g as measured at 25° C. with respect to a solution of 
0.1 g of the polymer dissolved in 100 ml of chloroform. 

2. A vinyl chloride polymer resin composition ac 
cording to claim 1 wherein the vinyl chloride polymer 
composition (A) is comprised of a vinyl chloride homo 
polymer having an average‘polymerization degree of 
400 to 500. 

3. A vinyl chloride polymer resin composition ac 
cording to claim 1 wherein the vinyl chloride polymer 
composition (A) is comprised of 20 to 80% by weight of 
a vinyl chloride homopolymer having an average poly 
merization degree of 400 to 500 and 80 to 20% by 
weight of a vinyl chloride homopolymer having an 
average polymerization degree of 800 to 1000. 

4. A vinyl chloride polymer resin composition ac~ 
cording to claim 1 wherein the methyl methacrylate 
polymer is comprised of 70 to 95% by weight of methyl 

Table 5. 40 methacrylate units and 5 to 30% by weight of units 

TABLE 5 
Exam- Exam- Comparative Comparative 
ple l0 ple 11 Example l2 Example 13 Example 7 Example 8 

Vinyl Polymerization degree of 400 100 20 30 50 -— 2O 
chloride Polymerization degree of 800 — 80 70 50 100 80 
resin 
(parts) 
Methyl Monomer Methyl methacrylate (parts) 90 85 95 90 90 90 
methacrylate composition Ethyl methacrylate ' (parts) 10 15 5 1O 10 10 
polymer Tert-dodecylmercaptan (parts) 0.01 0.01 0.02 0.01 0.01 0.01 
Evaluation Reduced viscosity (1]sp/C) 0.4 0.3 0.25 0.4 0.4 0.4 

Amount incorporated (parts) 3 2 2 3 3 0.05 
State of roll bank @ © @, @_ @ x 
Air bubble formation in sheet Noe Not Not formed Not formed Conspicuous Conspicuous 

formed formed 

Note 
@. . . Pencil and smoothly rotated 
x . . . Waving of bank 

In Examples 10 through’l3, the bank was pencil bank 
and rotated smoothly, and. no air bubbles were found in 
the sheet. In Comparative Example 7, although the 
bank was smoothly rotated, removal of air was insuf? 
cient and many air bubbles were formed. In Compara 
tive Example 8, the bank waved and a large quantity of 
air was enfolded, and a sheet having a good quality 
could not be obtained. 
According to the present invention, by adopting the 

above-mentioned structure, there can be provided a 
vinyl chloride polymer resin composition excellent in 
processability and ?owability. The composition of the 
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derived from ethyl acrylate or butyl acrylate. 
5. A vinyl chloride polymer resin composition ac 

cording to claim 1 wherein the methyl methacrylate 
polymer has a reduced viscosity (nsp/C) of 0.3 to 0.4 
l/ g. 

6. A vinyl chloride polymer resin composition ac 
cording to claim 1 wherein the amount of the methyl 
methacrylate polymer is l to 10% by weight based on 
100 parts by weight of the vinyl chloride polymer com 
position (A). 

* * * * 


